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(54) IMAGE PROCESSING APPARATUS AND IMAGE PROCESSING 
METHOD 

(57) [Abstract] 

[Problem to be Solved] 

An expanded image whose quality is higher than 
that of the nearest interpolating method is obtained in 
a short time. 

[Solution] 

An original image is read from a memory card 2, is 
converted by an RGB converting unit to RGB image data, 
and is expanded in a expansion ratio designated by a 
nearest interpolating unit 5. The expanded image is 
filtered by a filter 7, and is inputted to a CMYK color 
converting unit 9. The filter size setting unit 8 sets 
a size of the filter 7 depending on the expansion ratio. 
Thereby, as compared with a case that the image is 
expanded only with the nearest interpolating method, 
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the higher-quality expanded image can be obtained in a 
short time. 

[Claims for the Patent] 
[Claim 1] 

An image processing apparatus, characterized by- 
comprising : 

interpolating means for interpolating inputted 
image data with a nearest interpolating depending on a 
designated expansion ratio; 

size selecting means for selecting a filter size 
depending on the expansion ratio; and 

filtering means for processing the image data 
interpolated by said interpolating means with a filter 
of the selected size. 
[Claim 2] 

The image processing apparatus according to claim 

1, 

wherein said size selecting means selects an odd 
value as the filter size, the odd value not exceeding 
the expansion ratio, and being the nearest to the 
expansion ratio. 
[Claim 3] 

The image processing apparatus according to claim 

2 , 

- 2 - 
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wherein when the selected size exceeds a 
previously- set maximum value, said size selecting means 
selects the maximum value as the filter size. 
[Claim 4] 

The image processing apparatus according to any- 
one of claims 1 to 3 , 

wherein each coefficient n of the filter is set 
respectively so as to be able to be represented in a 
2 k -a (a is an integer) format. 
[Claim 5] 

The image processing apparatus according to any 
one of claims 1 to 4 , further comprising: 

switching means for switching an interpolating 

method, 

wherein when the designated expansion ratio is 
equal to or less than a prescribed lower limit value, 
said switching means bypasses the processing by said 
filtering means, and outputs an image to be outputted 
by said interpolating means. 
[Claim 6] 

The image processing apparatus according to any 
one of claims 1 to 4 , further comprising: 

said switching means for switching an 
interpolating method; and 
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another interpolating means for being able to 
more highly interpolate than the nearest interpolating, 

wherein when the designated expansion ratio is 
equal to or more than a prescribed upper limit value, 
said switching means bypasses the processing by said 
interpolating means and said filtering means, and 
outputs an image to be outputted by said another 
interpolating means. 
[Claim 7] 

The image processing apparatus according to any 
one of claims 1 to 4 , further comprising: 

said switching means for switching an 
interpolating method; and 

said another interpolating means for being able 
to more highly interpolate than the nearest 
interpolating, 

wherein said switching means exclusively selects 
to cause said interpolating means and filtering means 
to process, or to cause only said another interpolating 
means to process based on resolution of the inputted 
image data and the designated expansion ratio. 
[Claim 8] 

An image processing method, characterized by 
comprising: 
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an interpolating step for interpolating inputted 
image data with a nearest interpolating depending on a 
designated expansion ratio; 

a selecting step for selecting a filter size 
depending on the expansion ratio; and 

a filtering step for filtering the interpolated 
image data with the selected filter. 
[Claim 9] 

A printer printing based on inputted image data, 
characterized by comprising: 

interpolating means for interpolating the 
inputted image data with a nearest interpolating 
depending on a designated expansion ratio; 

size selecting means for selecting a filter size 
depending on the expansion ratio; 

filtering means for processing the image data 
interpolated by said interpolating means with a filter 
of the selected size; 

image data generating means for generating image 
data for printing based on the filtered image data; and 

printing means for printing based on the 
generated image data for printing. 



[Detailed Description of the Invention] 
[0001] 
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[Field of the Invention] 

The present invention relates to an image 
processing apparatus and an image processing method 
which, for example, can interpolate a low-resolution 
image to convert the image to a high-resolution image. 

[0002] 

[Conventional Art] 

When a low-resolution image is interpolated 

(expand) to a high-resolution image, a new pixel is 
inserted between original pixels. The following 
methods have been conventionally known as a method for 
interpolating a digital image, for example, the nearest 
interpolating method (also referred to as Nearest- 
Neighbor method) , the linear interpolating method (also 
referred to as Bi- Linear method) , and the three- 
dimension convolutional interpolating method (also 
referred to as Bi-Cubic method) . 

[0003] 

[Problems to be Solved by the Invention] 

In the nearest interpolating method, a value of an 
original pixel which is positioned nearest is only 
adopted as a value of a pixel to be interpolated, so 
that the processing is simple, and a pixel can be 
interpolated at a high rate. However, because the 
value of a pixel (gradient) rapidly changes, when a 
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natural image which does not include a sharp edge (e.g. 
an image of a landscape or a human body) is expanded 
with the nearest interpolating method, the value of a 
pixel rapidly changes around a boundary of the image, 
the image becomes unnatural, and a joint between blocks 
becomes conspicuous. 
[0004] 

In the Bi-Linear method, original pixels which are 
positioned at both sides of a point to be interpolated 
are connected with a straight line, and a value 
directly on the point to be interpolated of the 
straight line is adopted as a value of a pixel to be 
interpolated. Thus, the Bi-Linear method can 
interpolate more smoothly than the nearest 
interpolating method. However, by contraries, the 
value of a pixel may change too smoothly around a 
boundary of the image. In addition, it is necessary to 
calculate a distance between original pixels which are 
adjacent to each other, and calculate a weighting 
depending on the distance, so that the processing time 
becomes longer. Specifically, in the single-dimension, 
one multiplication and one division are necessary 
respectively, and in the two -dimension, the amount of 
calculations are necessary which are at least three 
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times as many as the amount of calculations of the 

single-dimension . 

[0005] 

While the Bi-Cubic method can interpolate more 
highly than the Bi -Linear method, the Bi-Cubic method 
needs a longer time to calculate. 
[0006] 

A computer resource is limited which can be 
utilized by an image processing apparatus. When a 
computer whose calculation ability is excellent and a 
memory whose capacity is large can be utilized, even if 
an interpolating method such as the Bi -Linear method 
and the Bi-Cubic method is adopted, any important 
disadvantage is not induced. However, for example, the 
calculation ability of a built-in type CPU incorporated 
in a device such as a printer, a digital camera, and a 
scanner is generally low, so that the processing load 
of the Bi-Linear method, and the like is large for the 
CPU, and a longer time is needed to interpolate. 
[0007] 

The present invention is invented in consideration 
of the above problems, and an object of the present 
invention is to provide an image processing apparatus 
and an image processing method in which an image can be 
interpolated more smoothly than the nearest 
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interpolating method in a relatively shorter time. 
Another object of the present invention is to improve 
image quality when an image is expanded in a relatively 
low magnification ratio. 
[0008] 

[Means for Solving the Problems] 

To achieve the above objects, in the present 
invention, after an original image is expanded in a 
prescribed magnification ration with the nearest 
interpolating, the image is smoothed with the filtering. 
That is, interpolating means interpolates inputted 
image data with the nearest interpolating depending on 
a designated magnification ratio. When size selecting 
means selects a filter size depending on the expansion 
ratio, the image data interpolated by the interpolating 
means is filtered by a filter of the selected size. 

[0009] 

By filtering an interpolated pixel obtained with 
the nearest interpolating method through a filter of a 
prescribed size, a smoother image can be obtained in a 
short time than an image obtained with the nearest 
interpolating method. 
[0010] 
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The size selecting means can select the odd value 
as a filter size, which does not exceed an expansion 
ratio, and is the nearest to the expansion ratio. 
[0011] 

For example, when an inputted original image is 
expanded three times or four times, a filter of three 
pixels x three pixels is selected. When an original 
image is expanded five times, a filter of five pixels x 
five pixels is selected. 
[0012] 

When a selected size exceeds a previously-set 
maximum value, the maximum value can be selected as a 
filter size. 
[0013] 

For example, while a filter size is seven pixels x 
seven pixels when an original image is expanded seven 
times or eight times, as the filter size becomes larger, 
a processing time becomes longer. Thus, the maximum 
filter size is previously set, and when the expansion 
ratio exceeds the maximum value, the maximum filter 
size is equally applied. 
[0014] 

In a preferable embodiment, each coefficient n of 
a filter is set so that the coefficient can be 
represented in a 2 k -a (a is an integer) format. 
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[0015] 

A multiplication can be easily executed by- 
representing each coefficient n of a filter in a power- 
of-two format. When a filter is used in which a simple 
average is obtained, a division can be also simply- 
executed by using a divisor (e.g. 8, 16, 32, 64, and 
the like) represented in a power-of-two format. That 
is, this is because a multiplication and a division can 
be executed with right shift and left shift 
calculations, and it is not necessary to execute a 
decimal calculation, a rounding, and the like 
[0016] 

On the other hand, switching means for switching 
an interpolating method is provided, and when a 
designated expansion ratio is equal to or less than a 
prescribed lower limit value, the switching means may 
bypass the processing by filtering means, and output an 
image to be outputted by interpolating means. 
[0017] 

For example, when a low expansion ratio such as 
two times, and the like is designated, an image 
expanded with the nearest interpolating method is 
directly outputted by the switching means without a 
filtering operation. This is because it is considered 
that the increasing of a processing time is a problem 

- 11 - 



JPA2002-259960 



rather than an image quality improvement effect by the 

filtering when the expansion ratio is low. 

[0018] 

Another interpolating means is provided which can 
interpolate more highly than the nearest interpolating 
method, and when the designated expansion ratio is 
equal to or more than an upper limit value, the 
switching means can bypass the processing by the 
interpolating means and filtering means, and output an 
image to be outputted by another interpolating means. 
[0019] 

The above Bi- Linear method and the Bi- Cubic 
method can be, for example, designated as "another 
interpolating means which can highly interpolate". 
When the expansion ratio is large, an image expansion 
by another high-level interpolating method can be 
selected rather than an image expansion by the nearest 
interpolating method and the filtering. 
[0020] 

The switching means can also exclusively select 
based on the resolution and the designated expansion 
ratio of an inputted image data whether the processing 
is executed by the interpolating means and the 
filtering means, or only by another interpolating means. 
[0021] 
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[Embodiments of the Invention] 

Embodiments of the present invention will be 
described below based on Figure 1 to Figure 8 for such 
a case that the invention is applied to a printer. 
[0022] 

[Embodiment 1] 

Figure 1 to Figure 5 are block diagrams 
illustrating a configuration of a printer to which an 
image processing apparatus according to an embodiment 1 
of the present invention is applied. 

[0023] 

As described later respectively, a printer 1 is 
configured with a memory card 2, a decoding unit 3, an 
RGB converting unit 4, a nearest interpolating unit 5, 
a switching unit 6, a filter 7, a filter size setting 
unit 8, a CMYK converting unit 9, a half tone 
processing unit 10, a print engine 11, and the like. 
[0024] 

For example, the memory card which can be 
represented as "original image holding means" is 
provided as being able to be inserted to and pulled 
from the printer 1, and records image data (original 
image data ) photographed by a digital camera, and the 
like in the memory card. The memory card 2 can store a 
plurality of image data in a compression file format 
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such as JPEG (Joint Photographic Experts Group) and 
Exif (Exchangeable Image File Format) . 
[0025] ■ 

The image data read from the memory card 2 is 
decoded by the decoding unit 3, and is converted to an 
image data of an RGB color group by the RGB converting 
unit 4. The nearest interpolating unit 5 as 
"interpolating means" expands an original image data 
which is RGB- converted depending on a designated image 
expansion ratio. The image data expanded by the 
nearest interpolating method is processed for a 
prescribed filtering operation by the filter 7 as 
"filtering means" to be inputted to the CMYK converting 
unit 9. As described later along with Figure 2, the 
filter 7 is configured as a linear smoothing filter 
provided so that the coefficients are in a power-of-two 
format . 
[0026] 

A size of the filter 7 is set by the filter size 
setting unit 8 as "size selecting means". For example, 
the filter size setting unit 8 determines the size of 
the filter 7 depending on an expansion ratio of an 
image by referring to a filter size table 12. A filter 
size is previously set for each expansion ratio in the 
filter size table 12. As long as the filter size does 
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not exceed the expansion ratio, the filter size is 
defined so as to become an odd number (integer) which 
is the nearest to the expansion ratio. Specifically, 
the filter size is set to 0 when the expansion ratio is 
2, the filter size is set to 3 when the expansion ratio 
is 3 or 4, the filter size is set to 5 when the 
expansion ratio is 5 or 6, and the filter size is set 
to 7 when the expansion ratio is 7 or 8. 
[0027] 

Here, the expansion ratio is a value designating 
what times an original image is expanded. For example, 
the expansion ratio 2 means that the original image is 
expanded two times, and the expansion ratio 3 means 
that the original image is expanded three times. 
Meanwhile, the size may be obtained by calculating 
without using the filter size table 12. When the 
filter size is equal to or less than a prescribed lower 
limit value "0", in other words, the filter size is 
less than "1", by the switching unit 6, a filtering 
operation by the filter 7 is bypassed, and the image 
data expanded by the nearest interpolating unit 5 is 
directly inputted to the CMYK converting unit 9. 
[0028] 

The CMYK converting unit 9 converts the expanded 
image data of the RGB color group to an image data of a 
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CMY color group. The image data which is CMKY- 
converted is half -tone-processed by the half tone 
processing unit 10 to be inputted to the print engine 
11 . 

[0029] 

Meanwhile, an image expansion ratio can be 
designated by a variety of methods. For example, 
original image data and an expansion ratio can be 
previously related to be stored in the memory card 2, 
and the expansion ratio can be also inputted from an 
operation panel of the printer 1. The expansion ratio 
can be also inputted from a host computer of a personal 
computer, a digital camera, a portable information 
terminal, and the like. Furthermore, the expansion 
ratio can be also automatically set based on a printing 
mode and a sheet size. 
[0030] 

Next, an image expanding method according to the 
present embodiment will be described referring to 
Figure 2 and Figure 3 . 
[0031] 

For example, when original image data illustrated 
in Figure 2 (a) is expanded three times, as illustrated 
in Figure 2 (b) , it is necessary to interpolate pixels 
between original pixels (illustrated by adding 
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sequential numbers to codes a) (interpolated pixels are 
illustrated by adding sequential numbers to codes b) . 
Meanwhile, for convenience of the description, the 
interpolated pixels are omitted which exist at both 
sides of the original image, and the like in the figure. 
[0032] 

The expanded image data as illustrated in Figure 2 
(b) is obtained by the nearest interpolating method. 
Next, as illustrated in Figure 2 (c) , the expanded 
image data is filtered by the filter 7 including 
coefficients which can be represented in a power-of two 
format. As described above, a size of the filter 7 is 
defined with the expansion ratio of an image. The size 
illustrated in Figure 2 (c) is "3". 
[0033] 

A noticed pixel is a pixel positioned at a center 
of the filter 7 of 3 pixels x 3 pixels. A coefficient 
of the noticed pixel is set to a maximum value "4", 
weighted coefficients of interpolated pixels positioned 
on the left, right, top, and down of the noticed pixel 
are set to "2", and weighted coefficients of 
interpolated pixels positioned on four corners are set 
to "1" . Four is the second power of two, two is the 
first power of two, and one is the 0-th power of two. 
Thus, when the noticed interpolation pixel is weighted 
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(multiplied) by the coefficient "4", it is enough to 
shift a value of the noticed pixel by two bits. 
Similarly, the weighting can be also executed by 
shifting bits for the coefficient "2" and the 
coefficient "1" (a multiplication is not executed in 
case of the coefficient "1"). In case of the 
coefficients illustrated in Figure 2 (c), a divisor for 
the smoothing is "16", and can be represented as the 
fourth power of two. Thus, the division for the 
smoothing can be also realized by shifting bits. 

[0034] 

Figure 3 is an explanatory diagram representing 
changes by the image processing in a single dimension. 
Figure 3 (a) is an original image. When the original 
image is expanded by the nearest interpolating unit 5, 
as illustrated in Figure 3 (b) , the pixel to be 
interpolated whose value is the same as that of the 
nearest original pixel is inserted between original 
pixels, and the image is expanded. It is apparent that 
the change of an edge area is sharp. As illustrated in 
Figure 3 (c) , when the expanded image is filtered, a 
value of each interpolated pixel is corrected in 
consideration of a near pixel, and an edge area is 
smoothed . 
[0035] 
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Next, operations of the present embodiment will be 
described based on Figure 4. Figure 4 is a flowchart 
roughly illustrating an example of an image processing 
method according to the present embodiment. 
Hereinafter, a "step" is abbreviated as an "S" . 
[0036] 

After an original image is expanded with the 
nearest interpolating method to the designated 
expansion ratio (SI) , a filter size depending on the 
expansion ratio is selected (S2) . Next, it is decided 
whether or not the filter size is more than "1" (S3) . 
Here, a case that the filter size is "1" is a case that 
an image expansion ratio is "2", that is, the original 
image is expanded two times. In such a case, because 
it is considered that such an influence is small that 
image quality is degraded due to the expansion by the 
nearest interpolating method, the processing is 
terminated without the filtering. In other words, that 
is a case that it is decided that the image quality 
improvement cannot be obtained which corresponds to a 
time necessary for the filtering. 
[0037] 

When the filter size is more than "1", it is 
decided whether or not the filter size exceeds a 
previously- set maximum value (max) (S4) . When the 
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selected filter size exceeds the maximum value, the 
filter size is changed to the maximum value (S5) . For 
example, if the maximum value is "5", when the filter 
size selected at S2 is "7", "9", or the like, the 
filter size is changed to "5". This is because that it 
is considered that when the filter size exceeds the 
maximum value, the filtering needs a long time, and on 
the other hand, the image quality improvement effect 
cannot be obtained which corresponds to a processing 
time. The filtering is executed by a filter of the set 
size (S6), and an edge area is corrected to be smoother 
than the case of only the nearest interpolating. 
Meanwhile, according to need, a boundary processing 
around a filter may be executed. 
[0038] 

Figure 5 is an explanatory diagram illustrating 
the image quality improvement effect, and illustrates 
an impulse response by each interpolating method 
respectively. Figure 5 (a) illustrates an impulse 
response only by the nearest interpolating method. 
Figure 5 (b) illustrates an impulse response by the Bi- 
Linear method. Figure 5 (c) illustrates an impulse 
response by the interpolating method (the nearest 
interpolating method and the filtering) according to 
the present embodiment . 
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[0039] 

As illustrated in Figure 5 (c) , according to the 
present embodiment, the intermediate characteristic 
between both of the nearest interpolating method and 
the Bi -Linear method can be obtained, and while the 
sharpness of an edge area is included, areas other than 
the edge area can be changed to be smooth. By 
appropriately setting a size and coefficients of a 
filter, it is possible to adjust the degree for 
emphasizing the characteristic of the nearest 
interpolating method and the characteristic of the Bi- 
Linear method respectively. Thus, it can be also 
configured so that a user can designate a filter size. 
For example, a user may select the characteristics of 
original images such as a natural image whose edges are 
few and an illustration whose edges are many, and the 
filter size, and the like may be appropriately 
determined separately from the expansion ratio 
depending on the characteristic of the original image 
selected by the user. 
[0040] 

In the present embodiment configured above, the 
following effects are provided. 
[0041] 
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First, after an original image is expanded with 
the nearest interpolating method, the expanded original 
image is filtered by a filter of a prescribed size, so 
that as different from an image only expanded with the 
nearest interpolating method, areas other than an edge 
can be changed to be smooth in a relatively short time. 
Thus, for example, when a natural image of a relatively 
low-resolution such as one million pixels is expanded 
in a low magnification ratio such as two to five times, 
and is printed in a relatively low printing resolution 
such as 200 dpi to 300 dpi, the present embodiment 
particularly provides the advantageous effects. 
[0042] 

Second, the odd value is selected as a filter size, 
which is the nearest to an image expansion ratio and 
does not exceed the image expansion ratio, so that an 
unnecessary filtering can be prevented, and a high-rate 
processing can be executed. Because the filter size is 
an odd value, a noticed image is positioned at a center 
of the filter, so that it is not necessary to execute a 
complicated position correction, and the like. 
[0043] 

Third, when the selected filter size exceeds the 
maximum value, the filter size is changed to the 
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maximum value, so that a processing time can be 
prevented from increasing. 
[0044] 

Fourth, each coefficient of a filter is selected 
as a value which can be represented in a power-of-two 
format, so that a multiplication and a division can be 
executed by shifting bits, and a high-rate processing 
can be realized. 
[0045] 

Fifth, when the filter size is smaller than "1", 
that is, when the expansion ratio is "2", without 
filtering, an image expanded with the nearest 
interpolating method is directly outputted, so that a 
processing time can be further shortened depending on 
the expansion ratio. This is because in case that the 
magnification ratio is about two, the image quality 
degradation due to the nearest interpolating method 
does not come to the surface so much, such as areas 
other than an edge are also sharply changed. 
[0046] 

[Embodiment 2] 

Next, an embodiment 2 of the present invention 
will be described based on Figure 6 and Figure 7. In 
each of the following embodiments, the same code is 
attached to the same component as the above component, 
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and the description will be omitted. The 
characteristic of the present embodiment is that an 
interpolating method is switched depending on the 
expansion ratio of an image. 
[0047] 

Figure 6 is a block diagram roughly illustrating 
an entire configuration of a printer to which an image 
processing apparatus according to the present 
embodiment is applied, and a second switching unit 21 
is provided between the RGB converting unit 4 and the 
nearest interpolating unit 5. 
[0048] 

The second switching unit 21 selects any one of 
the nearest interpolating unit 5, a Bi -Linear 
interpolating unit 22, or a Bi-Cubic interpolating unit 
23 depending on an inputted image expansion ratio. For 
example, the second switching unit 21 can be configured 
so that the nearest interpolating unit 5 is selected 
when the expansion ratio is up to 3, the Bi -Linear 
interpolating unit 22 is selected when the expansion 
ratio is 4 to 6, and the Bi-Cubic interpolating unit 23 
is selected when the expansion ratio is 7 or more. 
[0049] 

Meanwhile, the second switching unit 21 can be 
also configured to switch in consideration of not only 
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the expansion ratio but also the image quality level 
which a user requests. For example, the nearest 
interpolating method can be selected when an image is 
expanded in a low quality, the Bi -Linear method can be 
selected when an image is expanded in an intermediate 
quality, and the Bi-Cubic method can be selected when 
an image is expanded in a high quality. In addition, 
for example, the interpolating method can be also 
switched in consideration of both of the expansion 
ratio and the quality, such as the nearest 
interpolating method in case of the intermediate 
quality and the low expansion ratio, and the Bi-Cubic 
method in case of the high quality and the low 
expansion ratio. 
[0050] 

Figure 7 is a flowchart illustrating a main part 
of an image processing method according to the present 
embodiment, and first, it is decided whether or not the 
expansion ratio is more than al (Sll) . When the 
designated expansion ratio is more than al, the image 
is switched to the Bi-Cubic interpolating unit 23 to be 
expanded, and is inputted to the CMYK converting unit 9 

(S12) . 

[0051] 
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When the designated expansion ratio is equal to or 
less than al, it is decided whether or not the 
expansion ratio is more than a2 (a2 < al) (S13) . When 
the expansion ratio is more than a2 , the image is 
switched to the Bi -Linear interpolating unit 22 to be 
expanded (S14) . When the designated expansion ratio is 
equal to or less than a2 , as in the above embodiment, 
the image is expanded with the nearest interpolating 
method and the filtering. 
[0052] 

Even in the present embodiment configured above, 
the same advantageous effect can be obtained as that of 
the embodiment 1 . Because a higher interpolating 
method than the nearest interpolating method is 
provided, the present embodiment can be also applied to 
a case of a relatively high expansion ratio. 
[0053] 

[Embodiment 3] 

Next, Figure 8 is a flowchart roughly illustrating 
an image processing method according to an embodiment 3 
of the present invention. 

[0054] 

First, resolution (the number of pixels) of an 
original image and an expansion ratio are obtained 
(S21) , and an interpolating method is selected 
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depending on the resolution and the expansion ratio 
(S22) . 
[0055] 

Meanwhile, those skilled in the art may make a 
variety of additions, changes, combinations, and the 
like without departing from the scope of the present 
invention described in each of the above embodiments. 
For example, in each of the above embodiments, while a 
case in which the present invention is applied to a 
printer is exemplified, the present invention is not 
limited to such a case, and may be also applied to a 
scanning apparatus, a digital camera, and the like. 
[0056] 

[Advantages of the Invention] 

As described above, according to the image 
processing apparatus and the image processing method 
according to the present invention, an original image 
is expanded with the nearest interpolating method and 
the filtering, so that as compared with a case that the 
image is expanded only with the nearest interpolating 
method, the higher-level interpolating can be executed 
in a relatively short time. 
[Brief Description of the Drawings] 
[Figure 1] 
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Figure 1 is a block diagram of a printer to which 
an image processing apparatus according to an 
embodiment 1 of the present invention is applied. 
[Figure 2] 

Figure 2 is an exemplary diagram illustrating such 
an aspect that an image is expanded, and the like, and 
Figure 2 (a) illustrates an original image, Figure 2 

(b) illustrates an expanded image after pixels to be 
interpolated are inserted, and Figure 2 (c) illustrates 
a filter configuration. 

[Figure 3] 

Figure 3 is an exemplary diagram one-dimensionally 
and typically illustrating such an aspect that an image 
is processed, and Figure 3 (a) illustrates an original 
image, Figure 3 (b) illustrates an image expanded with 
the nearest interpolating method, and Figure 3 (c) 
illustrates an image after the image is filtered. 
[Figure 4] 

Figure 4 is a flowchart illustrating an image 
processing method. 
[Figure 5] 

Figure 5 is an exemplary diagram illustrating the 
characteristic of an image, and Figure 5 (a) 
illustrates an impulse response by the nearest 
interpolating method, Figure 5 (b) illustrates an 
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impulse response by the Bi -Linear method, and Figure 5 
(c) illustrates an impulse response by the nearest 
interpolating method and the filtering of the present 
invention . 
[Figure 6] 

Figure 6 is a block diagram of a printer to which 
an image processing apparatus according to an 
embodiment 2 of the present invention is applied. 
[Figure 7] 

Figure 7 is a flowchart illustrating an image 
processing method. 
[Figure 8] 

Figure 8 is a flowchart of an image processing 
method according to an embodiment 3 of the present 
invention. 

[Description of Symbols] 

1 printer 

2 memory card 

3 decoding unit 

4 RGB converting unit 

5 nearest interpolating unit 

6 switching unit 

7 filter 

8 filter size setting unit 

9 CMYK color converting unit 
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10 half tone processing unit 

11 print engine 

12 filter size table 

21 second switching unit 

22 Bi-Linear interpolating unit 
2 3 Bi- Cubic interpolating unit 



Figure 1 

#1 IMAGE EXPANSION RATIO 

2 MEMORY CARD 

3 DECODING UNIT 

4 RGB CONVERTING UNIT 

5 NEAREST INTERPOLATING UNIT 

7 FILTER 

8 FILTER SIZE SETTING UNIT 

9 CMYK COLOR CONVERTING UNIT 

10 HALF TONE PROCESSING UNIT 

11 PRINT ENGINE 

12 FILTER SIZE TABLE 

Figure 2 

#1 ORIGINAL IMAGE 

#2 INTERPOLATED IMAGE 

#3 FILTER 

Figure 3 

#1 ORIGINAL IMAGE 

#2 NEAREST INTERPOLATED IMAGE 

#3 IMAGE AFTER FILTERING 

Figure 4 
#1 START 
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51 EXPAND IMAGE WITH NEAREST INTERPOLATING 

52 SET FILTER SIZE 

53 FILTER SIZE > 1? 

54 FILTER SIZE > MAX? 

55 SET FILTER SIZE TO MAX 

56 FILTERING 
#2 END 

Figure 5 

#1 IMPULSE RESPONSE OF NEAREST INTERPOLATING 

#2 IMPULSE RESPONSE BY BI- LINEAR METHOD 

#3 IMPULSE RESPONSE BY FILTERING OF THE PRESENT 

INVENTION 

Figure 6 

#1 IMAGE EXPANSION RATIO 

2 MEMORY CARD 

3 DECODING UNIT 

4 RGB CONVERTING UNIT 

5 NEAREST INTERPOLATING UNIT 

7 FILTER 

8 FILTER SIZE SETTING UNIT 

9 CMYK COLOR CONVERTING UNIT 

10 HALF TONE PROCESSING UNIT 

11 PRINT ENGINE 
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12 FILTER SIZE TABLE 

2 2 BI- LINEAR INTERPOLATING UNIT 

2 3 BI- CUBIC INTERPOLATING UNIT 

Figure 7 

#1 START 

511 EXPANSION RATIO > 0(1? 

512 EXPAND IMAGE WITH BI -CUBIC METHOD 

513 EXPANSION RATIO > a2? 

514 EXPAND IMAGE WITH BI -LINEAR METHOD 

51 EXPAND IMAGE WITH NEAREST INTERPOLATING 

52 SET FILTER SIZE 

53 FILTER SIZE > 1? 

54 FILTER SIZE > MAX? 

55 SET FILTER SIZE TO MAX 

56 FILTERING 
#2 END 

Figure 8 

#1 START 

521 OBTAIN RESOLUTION AND EXPANSION RATIO OF ORIGINAL 
IMAGE 

522 SELECT INTERPOLATING METHOD BASED ON RESOLUTION 
AND EXPANSION RATIO 

S12 EXPAND IMAGE WITH BI -CUBIC METHOD 
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S14 EXPAND IMAGE WITH BI -LINEAR METHOD 

51 EXPAND IMAGE WITH NEAREST INTERPOLATING 

52 SET FILTER SIZE 

53 FILTER SIZE > 1? 

54 FILTER SIZE > MAX? 

55 SET FILTER SIZE TO MAX 

56 FILTERING 
#2 END 



